Background: Patients with polycythemia vera (PV) have a higher mortality risk compared with the general population, primarily driven by cardiovascular disease, thrombotic events (TEs), and hematologic transformations. The goal of risk-adapted therapy in PV is prevention of TEs. Current treatment recommendations indicate that high-risk patients (aged ≥ 60 years and/or with history of TEs) should be managed with cytoreductive medications, phlebotomy, and low-dose aspirin. This noninterventional study was conducted to describe real-world cytoreductive medication treatment in adult patients with PV, stratified by risk, in the United States.
Background
The Philadelphia chromosome-negative myeloproliferative neoplasms (MPNs), including polycythemia vera (PV), essential thrombocythemia, and myelofibrosis, are a group of clonal hematologic malignancies with overlapping pathology and clinical features [1] . PV is primarily characterized by erythrocytosis and constitutively active mutations in Janus kinase 2 [2] . Patients with PV commonly report chronic symptoms, including fatigue, abdominal discomfort, night sweats, concentration problems, bone pain, early satiety, and inactivity, which have a notable influence on quality of life [3] . In the recent MPN Landmark survey, the majority of patients with PV reported that their disease interfered with family or social life and that pain/discomfort associated with their disease interfered with daily activities [3] .
Patients with PV also have a higher mortality risk compared with the general population [4] , primarily driven by cardiovascular disease, thrombotic events (TEs), and hematologic transformations [5] . The goal of risk-adapted therapy for patients with PV is the prevention of TEs. Treatment recommendations from the European LeukemiaNet (ELN) [6] and the National Comprehensive Cancer Network (NCCN) [7] indicate that patients with low-risk PV be managed with aspirin and phlebotomy. However, patients with high-risk PV (age ≥ 60 years and/or with a history of TEs) should be managed with cytoreductive medication in addition to phlebotomy and low-dose aspirin ( Fig. 1 [6-8] ). Furthermore, cytoreductive medications are recommended for patients with PV exhibiting symptomatic thrombocytosis or progressive leukocytosis, regardless of risk status [6, 7] .
In the present analysis, cytoreductive medication use was evaluated in patients with PV stratified by high vs low risk to determine the extent to which real-world management aligns with guideline recommendations. This is the first study to examine real-world cytoreductive treatment practices in patients with PV relative to published treatment guidelines. 
Methods

Patients and study design
Assessments
Patients were stratified based on PV risk status at index, and patient demographics were assessed at the index date. Clinical characteristics, comorbidities, and concomitant medications were assessed during the preindex period. Cytoreductive medication use and phlebotomy procedures were assessed during the entire study period (i.e., preindex and postindex periods). All data were analyzed using descriptive statistics.
Results
Disposition and demographics
A total of 2856 patients were identified, of whom 1033 had low-risk PV and 1823 had high-risk PV. The mean age of all patients was 62.5 years and the majority were men (Table 1 ). Among high-risk patients, 62.8% were ≥ 60 years of age with no history of TEs, 9.1% had a history of TEs and were < 60 years of age, and 28.1% were ≥ 60 years of age and had a history of TEs.
Clinical characteristics
Out of 12 comorbid conditions, 10 were more common in high-vs low-risk patients (Table 2) . Treatment with cardiovascular medication was more common in high-vs low-risk patients, whereas percentages of patients treated with corticosteroids, antidepressants, and nonsteroidal anti-inflammatory drugs were generally similar between the risk groups ( Table 2) .
Cytoreductive medication usage
During the preindex period, 36.5% (666/1823) of patients with high-risk PV and 15.5% (160/1033) of patients with low-risk PV received cytoreductive therapy. The most common preindex cytoreductive therapies in high-and low-risk patients were hydroxyurea (94.7 and 87.5%, respectively), anagrelide (7.4 and 11.9%), and interferon (1.7 and 4.4%; Fig. 2a ).
Among patients who did not receive cytoreductive medication during the preindex period, 6.7% (135/2030) initiated a cytoreductive therapy during the postindex period; 74.1% (100/135) of whom were high risk and 25.9% (35/135) of whom were low risk. The most common postindex cytoreductive therapies in high-and low-risk patients were hydroxyurea (97.0 and 91.4%, respectively), anagrelide (4.0 and 2.9%), and interferon (2.0 and 8.6%; Fig. 2b) .
Overall, 42.0% (766/1823) of patients with high-risk PV and 18.9% (195/1033) of patients with low-risk PV received cytoreductive medications during either the preindex or postindex periods (Fig. 3) .
Phlebotomy procedures
A larger proportion of patients who did not receive cytoreductive therapies had phlebotomies during the preindex period compared with those who had preindex cytoreductive therapy [ 
Discussion
This analysis was designed to assess real-world cytoreductive medication treatment practices in patients with PV per the ELN recommendations published in 2011 [6] . Despite current recommendations indicating that patients with high-risk PV should receive cytoreductive medication [6, 7] , less than one-half of such patients (42.0%) were treated with cytoreductive medication in the present analysis. Moreover, less than one-half of high-risk patients who were both ≥ 60 years of age and had a history of TEs, and less than one-third of patients with a history of TEs who were < 60 years of age received cytoreductive medication. The nature of this retrospective database analysis precluded clinical assessments of symptoms or specific outcomes. However, patients with high-risk PV were Congestive heart failure 6 (0.6) 121 ( more likely to have cardiovascular comorbid conditions (hypertension, type 2 diabetes mellitus, and congestive heart failure) and were more likely to be prescribed cardiovascular medication. The age difference between the high-and low-risk groups may have contributed to the difference in cardiovascular comorbid condition rates. An index date of January 1, 2013, was chosen in an effort to collect data from a time period when treating physicians could be reasonably expected to follow the ELN recommendations. However, it is important to note that in July 2017, NCCN Guidelines ® were released pertaining to the treatment of patients with PV; these guidelines were updated in September 2017 [7] . The recommendations in the NCCN Guidelines ® are quite consistent with the ELN's general recommendation that high-risk patients with PV be treated with hydroxyurea, interferons, or ruxolitinib, depending on their treatment history. Findings from this study suggest that prescribing physicians could benefit from increased awareness of consensus guidelines for the treatment of PV. Methods to improve physician education, such as increased availability of PV-focused continuing medical education materials and review articles targeting physicians, should be considered to improve guideline adherence and treatment outcomes in patients with PV.
The primary limitations associated with this study are inherent to all retrospective claims-based analyses. These include the assumption that claims were coded correctly and that patients were accurately identified as having PV (i.e., not secondary polycythemia). Furthermore, medication use was evaluated based solely on insurance claims data; the types of treating physicians who prescribed the drugs were not available in the Truven Health MarketScan database, and actual drug use during the study period was not confirmed. Finally, this study only included patients who were commercially insured or had supplemental Medicare insurance, and might not be generalizable to patients with other forms of coverage. 
